The quality of cereals is very important for both human and animal nutrition. Fusarium mycotoxins include a great number of compounds. Trichothecenes, zearalenone (ZEN) and fumonisins are the major Fusarium mycotoxins occurring in cereal grains, animal feeds and forages. Conditions that predispose to mycotoxin production by Fusarium species include humidity, temperature, aeration and substrate type. Even if a great number of fungal metabolites have been designated as mycotoxins, a small number are known to have significant animal/human health and economic significance. For this, the world-wide impact of mycotoxins on human and animal health is likely underestimated and the future in this area is to identify additional specific biomarkers and group of biomarkers that can be used to establish the exposition of human and animals to individual mycotoxins.
INTRODUCTION
Nowadays, industrialization, globalization and liberalization make it possible to have greater varieties of foods worldwide. But globalization and technological development lead also to increased risks in food chain (Smyth
MYCOTOXINS
The word "mycotoxin" is derived from "myco" and "toxin", greek words "mykes" and "toxikon", meaning mold and a poison produced by a living organism. The term "mycotoxins" defines secondary fungal metabolites (metabolites not essential to the normal growth and reproduction of the fungus) that cause biochemical, physiologic, and/or pathologic changes in other species, including vertebrates, other animal groups, plants, and other microbes. Mycotoxins have low molecular weight molecules (Mw < 700) and are toxic in low concentrations (Sorriano, 2007; Haschek & Voss, 2013) . Even if hundreds of compounds have been classified as mycotoxins, and have been isolated and chemically characterized, only approximately 50 have been studied in detail (CAST, 2003) . The class of mycotoxins constitutes a toxigenically and chemically heterogeneous class. From the chemical viewpoint, mycotoxins are classified into: cyclopeptides, polycetoacids, terpenes, and nitrogenous metabolites, depending on their biological origin and structure (Ferrante et al., 2012) . Another classification more common is according to the type of origin genera. The major mycotoxin-producing fungal genera are Fusarium, Aspergillus, and Penicillium, but mycotoxins can also be produced by Cladosporium, Claviceps, Alternaria and Helminthosporium genera (Oancea & Stoia, 2008; Coppock & Dziwenka, 2014) . Humans and animals are exposed to mycotoxins by the oral, inhalation, and dermal routes. Mycotoxins commonly enter the food chain through contaminated food and feed crops, mainly cereals ( Figure 1 ). FAO estimated that approximately 25% of the cereals produced in the world are contaminated by mycotoxins, but perhaps this value is closer to 50%, if one takes into account emerging mycotoxins of which so far have limited data. According to EFSA and FAO there are five mycotoxins, or groups of mycotoxins, that occur quite often in food: deooxynivalenol, nivalenol, HT-2 and T-2 toxins; zearalenone; ochratoxin; fumonisins; and aflatoxins. The accumulation of mycotoxins in foods and feeds represents a major threat to human and animal health as they are responsible for many different toxicities, and also it has a big economic significance. Acute exposure to high levels of mycotoxins is not very common, but the adverse effects in a chronic exposure continue to attract worldwide attention because of their impact on human health. Mycotoxins can produce, alone or in combination (two or more mycotoxins): endocrine dysfunction, immune alterations, induction of cancer, mutagenicity, estrogenic, gastrointestinal, urogenital, vascular, kidney and nervous disorders; some mycotoxins are also immuno-compromising, 
FUSARIUM MYCOTOXINS
Fungal species of the Fusarium genus are of major importance worldwide. This genus is widespread, both in soil and in organic substrates, it contains over 70 phytopathogenic species, occurring in natural conditions in different regions of the world and affecting in principal cereals, other vegetables and fruits (Sorriano, 2007) . Fusarium spp are considered some of the most dangerous pathogens for cereals and other plants, not only because of significant economic losses, but also for mycotoxins production (Kotowicz et al., 2014) . The factors influencing the occurrence of diseases produced by Fusarium spp are linked to substrat (composition, pH, humidity) and environment conditions respectively. Weather conditions (warmer weather, heat waves, the humidity, greater precipitation and drought) can affect both plant growth and presence of infection (Paterson & Lima, 2011; Tantaoui Elaraki, 2014) ; for this, it is very important to take into account the climate conditions and also the climate changes when Fusarium spp and Fusarium mycotoxins are studied and/or analysed (Zain, 2011) . The species from Fusarium genus are commonly found in vegetables grown in America, Europe and Asia (Escriva et al., 2015) . Fusarium spp produce three of the most important classes of mycotoxins with respect to animal and human health and production: fumonisins (FBs), zearalenone (ZEA), and trichothecenes. Fusarium genus also produce emerging mycotoxins, such as fusaproliferin (FUS), beauvericin (BEA), enniatins (ENNs) and moniliformin (MON), or fusaric acid, fusarin A-D, gliotoxin, butenolite which are more recently discovered and less studied (Haschek & Voss, 2013; Escriva et al., 2015) . Fusarium species are responsible for mycotoxin production before harvest, but cereal products may be contaminated by mycotoxins at any stage, during processing, storage and transport of the end product (Kotowicz et al., 2014 ). An important aspect for Fusarium genus is that the same mycotoxin can be produced by different Fusarium species and one species can produce various mycotoxins at once (Table 1) , so in the same substrate we can find more than one metabolite. The problem of co-occurrence of Fusarium mycotoxins in cereal grains and animal feed is a recurring feature, raising the question of interactions, synergistic or antagonistic actions in the manifestation of toxicity (Placinta et al., 1999; Streit et al., 2012) . 
EU REGULATIONS AND GUIDANCE VALUES
Other than the direct health risk, economic losses and implications arising from mycotoxicoses are enormous. To protect human and animal exposure to mycotoxins, but also to reduce financial losses and to confer international trade advantages, a number of measures are needed at different levels: good agricultural practices (early harvesting, proper drying, physical treatment, sanitation, proper storage, insect management), biological and chemical control, decontamination, breeding for resistance and adequate legislation (Zain, 2011) . As a result, many countries have adopted regulations to limit mycotoxin exposure, especially for deoxynivalenol and zearalenone (Zinedine & Ruiz, 2014; Bianchini et al., 2015) . According to the annual report of the Rapid Alert System for Food and Feed (RASFF), in 2013 mycotoxins were the third hazard category in border rejection notifications in the European Union, after pathogenic microorganisms and pesticides residue. Analysis of these notifications reveals which products are more susceptible to be contaminated by these fungal metabolites. In the report, aflatoxins were the primary mycotoxins associated to the notifications, followed by ochratoxin A, deoxynivalenol and fumonisins (Table 2) , and nuts, nut products and seeds, fruits and vegetables, herbs and spices, cereals/bakery products, and foodstuffs, were the most affected categories (RASFF Annual Report, 2014). The maximum level is designed to prevent the occurrence of each mycotoxin at levels considered harmful to human and/or animal health. Selected examples of maximum values for some Fusarium mycotoxins in wheat are given in Table 3 . . Understanding the toxicokinetics of trichothecenes is important for understanding potential effects in humans and animals. The trichothecenes can undergo all four basic reactions in xenobiotic metabolism: phase I (hydrolysis, oxidation, reduction) and phase II (glucuronide conjugation). The ability to remove the epoxide oxygen (deepoxidation) is an important step in the detoxification of trichothecenes. Specific metabolic pathways of these mycotoxins differ, and the metabolites produced often differ among species. The majority of these reactions occur in tissues and result in reduced toxicity; however some metabolites may be more toxic than the parent mycotoxin. It should be noted that HT-2 toxin is a major metabolite of T-2 toxin. Excretion is via the biliary system and urine. Enterohepatic recirculation may occur, resulting in delayed excretion and, ultimately, increased toxicity (Mostrom, 2011; Haschek & Voss, 2013) . Vol. XIX (2015) , no. 1
Trichothecens target the 60S ribosomal subunit, suggestig that the major mechanism of toxicity is translational inhibition. The trichothecens have multiple effects on eukaryotic cells, the most important being the inhibition of protein, RNA and DNA synthesis. The mechanism of DNA synthesis inhibition has not yet been clarified, however, it may be a secondary effect of the inhibition of the protein synthesis or of the apoptotic effect of trichothecens (Yazar & Omurtag, 2008) . Furthermore, they can produce: alteration of membrane structure and mitochondrial function, stimulation of lipid peroxidation, induction of programmed cell death or apoptosis, activation of cytokines and chemokines, activation of mitogen activated protein kinases -MAPKs, modulation of immune responses or alteration at neurotransmitter levels ( Tables 4-7 are presented the incidence, the occurrence and the ranges for the positive wheat samples for the most important trichothecens, DON, NIV, HT-2 and T-2. The bioavailability, distribution and toxicokinetics of fumonisins have been studied in multiple species. Absorption is low and only small amounts accumulate in tissues. Gastrointestinal absorption is poor and absorbed FB1 is quickly eliminated from the blood. Minor amounts accumulated in liver and kidneys can be found while only negligible amounts can be found in other tissues (Voss et al., 2011) . Fumonisins are a group of mycotoxins with a strong structural similarity to sphingosine and sphinganine, the backbone precursor of sphingolipids (Haschek & Voss, 2013; Marin et al., 2013) . The toxicity of fumonisins is a result of competition with sphingosine in sphingolipids metabolism Vol. XIX (2015), no. 1 (Kotowicz et al., 2014) . Fumonisins bind to and are potent inhibitors of sphinganine N-acetyltransferases (ceramide synthases) (Coppock & Dziwenka, 2014) . The inhibition of these enzymes disrupts overall sphingolipid metabolism, resulting in accumulation of sphingolipid bases, with implications in the development of disease symptoms (Voss et al., 2011; Kotowicz et al., 2014) . FB1, the most predominant and well-studied isoform, is nephrotoxic and hepatotoxic in several species and has been classified as a Group 2B, possible human carcinogen (IARC, 2002) . The ingestion of fumonisin-contaminated cereals in animals has been associated with: appetite loss, reduced litter weight, low bone development in fetus, fetal mortality, respiratory problems, porcine pulmonary edema, hepatic lesions, fibrosis, neurotoxicity, hepatocellular carcinoma, hypercholesterolemia, lethargy, hydrothorax, A wide variety of commodities in the world have been analysed for fumonisins contamination (Stankovic et al., 2012) ; the studies have shown that fumonisins occur naturally at biologically significant levels in maize and a variety of maize-based human foodstuffs and animal feeds , but also can be found in low concentrations in other cereals like wheat (Haschek & Voss, 2013; Kotowicz et al., 2014) . Some concentrations for fumonisins in wheat samples are presented in Table 8 . 
ZEARALENONE
Zearalenone (ZEA) is a non-steroidal oestrogenic mycotoxin, which is prevalent in temperate and warm countries. Chemically, ZEA, is 6-[10-hydroxy-6-oxo-trans-1-undecenyl]-beta-resorcylic acid lactone (Marin et al., 2013) . ZEA is readly and rapidly absorbed from gastrointestinal tract (Haschek & Voss, 2013) and undergoes both phase I and phase II metabolism with involvement of different enzymes catalyzing the first biotransformation step (Mostrom, 2011) . ZEA is reduced to α-and β-isomers in mammalian tissues, and these metabolites can also be produced at low concentrations by the fungi. ZEA and the metabolite zearalenol (as a combination of free and conjugated forms) are excreted relatively rapidly in feces, urine, and to a small extent in milk (Zinedine et al., 2007) . ZEA and its derivatives are the only known mycotoxins with primarily estrogenic effects, thus they are considered mycoestrogens, a subset of naturally occurring estrogenic compounds or xenoestrogens, and are classified as endocrine disruptor chemicals. Also, ZEA can act on the hypothalamic-hypophysial axis with release of prolactin and luteinizing hormone, can activate the pregnane X receptor, the constitutive androstane receptor, the aryl hydrocarbon receptor mRNA levels, as well as a number of CYP enzymes in human hepatocyte cultures (Haschek & Voss, 2013) . The predominant adverse effects are related to the estrogenic activity of ZEA and its metabolites: alterations in the reproductive tract, uterus enlargement, decreased fertility, increased embryolethal resorptions, reduced litter size, and changes in the serum levels of progesterone and estradiol. ZEA has been shown also to be an enhancer of lipid peroxidation, immunotoxic, hepatotoxic, nephrotoxic, genotoxic and with a high potential of carcinogenicity (Zinedine et al., 2007; Mostrom, 2011) . According to the available toxicological data, ZEN is classified by the IARC as Group 3 (IARC, 2002) . ZEA occurs in many agricultural products, including cereals, mixed feeds, rice, and corn silage. The most frequently contaminated crop is corn, followed by wheat. A synthesis of results for wheat contamination in Europe is related in Table 9 . 
CONCLUSIONS AND FUTURE PERSPECTIVES
Food security and food quality are important issues in the context of globalization. The European Union is one of the world's biggest cereal producers, but it is also a big cereals consumer, wheat being the most important in this category. Fusarium genus produce an extraordinary diversity of biologically active secondary metabolites, some of which are harmful to animals and humans, like mycotoxins. Health risks associated with the consumption of cereal products, contaminated with Fusarium mycotoxins are worldwide recognized. Trichothecenes, zearalenone and fumonisins are distributed widely in cereals, including wheat. The problem of co-occurrence of Fusarium mycotoxins in wheat is a recurring feature, raising the question of interactions, synergistic or antagonistic actions in the manifestation of toxicity, which can be the future in this field of research. The relationship between climate change in Europe and mycotoxin development is an accepted idea by most scientists. Global warming will possibly increase the fungi development, but will definitely also produce the growth of new fungi species, and consequently new mycotoxins, in crops. Following this, an increase of analytical methods for food control and measures that influence food security, such as Good Practice, HACCP and others are required. To avoid negative impacts on humans and animal health, compliance with EU regulations and the development of programs of risk assessment based on hazard and exposure evaluation are necessary .
